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A recent observation points to an excess in the expected 21-cm brightness temperature from cosmic
dawn. In this paper, we present an alternative explanation of this phenomenon, an interaction in
the dark sector. Interacting dark energy models have been extensively studied recently and there is
a whole variety of such in the literature. Here we particularize to a specific model in order to make
explicit the effect of an interaction.
I. INTRODUCTION
Recently the EDGES collaboration observed an ab-
sorption profile centered at 78 MHz in the sky aver-
aged radio spectrum [1], whose source is around redshift
z = 17. As the first stars were formed, they emitted both
Lyman-α photons and x-rays. This radiation penetrated
the primordial hydrogen gas and changed the excitation
state of the 21-cm hyperfine transition, such that photons
from the cosmic microwave background (CMB) were ab-
sorbed [2]. The predicted signal at frequencies lower than
200 MHz is compatible with the observed one [1]. How-
ever, the observation indicates a signal with amplitude
0.5 K, which is more than a factor of two larger than the
largest predictions [3].
This discrepancy could be explained either increasing
the temperature of the cosmic radiation or cooling the
gas at the epoch of interest. In order to accomplish the
latter case, it has been used a model of interaction be-
tween baryons and dark matter [4]. In this model, the
interaction between baryons and dark matter could cool
the hydrogen gas, giving rise to an absorption signal with
the expected amplitude. On the other hand, in Ref. [5]
the authors showed that the entirety of the dark matter
cannot be mini-charged, but only a small amount of it
could cool the baryons in the early Universe.
Although this could be a possible explanation, we
would like to call attention to a phenomenon that could
equally solve the problem. Along with cooling the gas or
increasing the radiation temperature, another possibil-
ity is to introduce a deviation from the standard picture
in the matter evolution. This can be achieved through
well-known interacting dark energy models [6–23] (and
references therein). In those models, dark matter inter-
acts with dark energy, implying in a different evolution
as compared to the standard ΛCDM model. The interac-
tion changes the matter evolution in the usual brightness
temperature equation, which can increase the amplitude
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of the signal without any modification in the gas or ra-
diation temperature.
We introduce the brightness temperature and how an
interacting dark energy model can change it in section II.
We consider a specific interacting scenario in section III
and present the results in section IV. Finally, section V
shows our conclusions.
II. BRIGHTNESS TEMPERATURE
Let us first consider the influence of an interacting dark
energy model in the brightness temperature. We begin
our discussion with the optical depth of a patch in the
inter-galactic medium (IGM) in the hyperfine transition
[24]
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In this expression c, ~ and kB are the speed of light, the
reduced Planck constant and the Boltzmann constant, re-
spectively. ν0 = 1420.4 MHz is the rest-frame hyperfine
transition frequency and A10 = 2.85 × 10
−15 s−1 is the
spontaneous emission coefficient. The number density of
neutral hydrogen is given by nHI , TS is the spin temper-
ature of the IGM and H(z) is the Hubble parameter with
H0 ≡ H(z = 0) = 100h km s
−1Mpc−1. The density pa-
rameters of matter and baryons are represented by Ωm
and Ωb, respectively, and xHI is the neutral hydrogen
fraction.
The brightness temperature can be calculated using
the radiative transfer equation in the Rayleigh-Jeans
limit, Tb = TCMBe
−τ+TS(1−e
−τ). Therefore, the inten-
sity of the 21-cm signal relative to the CMB temperature
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The Hubble parameter was approximated as H(z) ≈
H0
√
Ωm(1 + z)3 in the equations above. This is cer-
tainly true in standard cosmological models, however, in
an interacting dark energy model, for instance, the dark
matter is not evolving as (1 + z)3 anymore. We should
take into account the optical depth, Eq. (1), with the
proper Hubble parameter.
III. INTERACTING MODEL
In interacting dark energy models the energy-
momentum tensor of each component is not indepen-
dently conserved. The conservation equation for dark
matter (DM) and dark energy (DE) are rewritten as
∇µT
µν
(i) = Q
ν
(i) , (3)
where (i) represents either dark matter, (c), or dark en-
ergy, (d), respectively. The presence of the term Qν(i) im-
plies that there is an energy-momentum transfer between
them. For instance, one can construct a phenomenologi-
cal model given by the continuity equations
ρ˙c + 3Hρc =a
2Q0c =+aQ ,
ρ˙d + 3H (1 + ω) ρd =a
2Q0d =−aQ , (4)
where H is the Hubble parameter expressed in conformal
time, H ≡ a˙/a = aH , and the dot represents the deriva-
tive with respect to the conformal time. The dark energy
equation of state is ω = Pd/ρd and Q = 3H(ξ1ρc + ξ2ρd)
is the phenomenological model we considered here for the
energy transfer in cosmic time coordinates.
Let us assume a simpler case where the interaction is
proportional to the energy density of either dark energy
or dark matter only. In those cases we can solve the
system of equations (4) analytically. For an interaction
proportional to the energy density of dark energy, ξ1 = 0,
we obtain [25]
ρc(z) = (1 + z)
3 ×
{
ξ2
[
1− (1 + z)3(ξ2+ω)
]
ρ0d
ξ2 + ω
+ ρ0c
}
,
ρd(z) = (1 + z)
3(1+ω+ξ2)ρ0d . (5)
On the other hand, an interaction proportional to the
energy density of dark matter, ξ2 = 0, results in [25]
ρc(z) = (1 + z)
3−3ξ1ρ0c ,
ρd(z) = (1 + z)
3(1+ω)
(
ρ0d +
ξ1ρ
0
c
ξ1 + ω
)
−
ξ1
ξ1 + ω
(1 + z)3(1−ξ1)ρ0c . (6)
Therefore, as we said before, the dark matter in an in-
teracting model does not obey the standard (1+ z)3 evo-
lution. Taking equations (6), for instance, we see that a
positive interaction will make the dark matter fall slower
than the standard case, while a negative one will make
it fall faster. Thus, considering the same amount of dark
matter today, we would have less or more dark matter
in the past, respectively. Figure 1 shows the evolution
for the Hubble parameter as a function of redshift for
different values of the interaction.
These phenomenological models have instabilities with
respect to curvature and dark energy perturbations [8–
10], depending on the values of the coupling and the dark
energy equation of state. Therefore, the following values
in the parameter space should be avoided: i) for Q ∝ ρd
(ξ1 = 0), w < −1 and ξ2 < 0 or −1 < w < 0 and ξ2 > 0;
ii) for Q ∝ ρc (ξ2 = 0), w > −1, for all ξ1. We note,
however, that for a time-dependent equation of state this
problem is less severe [26]. Besides, some values of the
couplings (ξ1 or ξ2) lead to negative energy densities for
high redshifts. From Eq. (5), we see that the energy
density of dark matter becomes negative in the past if
ξ2 is positive and i) ξ2 + w > 0: in this case, there will
always be a redshift z in the past where ρc < 0 no matter
the values of the other parameters; or ii) ξ2 + w < 0:
in this case, there will be a reshift z in the past where
ρc < 0 if Ω
0
c/Ω
0
d < ξ2/|ξ2 + w|. On the other hand, Eq.
(6) shows that the energy density of dark energy reaches
negative values in the past if ξ1 < 0 and i) ξ1 + w > 0
and Ω0d/Ω
0
c < |ξ1|/(ξ1 + w) or ii) ξ1 + w < 0.
IV. RESULTS
The conclusion from the previous section is that an
interaction in the dark sector will alter the evolution of
dark matter and consequently affects the Hubble param-
eter. This, in turn, will affect the optical depth. If the
interaction makes the Hubble parameter smaller in the
past, this will imply in a larger optical depth which will
increase the amplitude of the 21-cm signal. Thus, even
though baryons follow the standard picture, we can in-
crease the absorption profile according to recent observa-
tions [1].
We calculated the brightness temperature for the in-
teracting models above, Eqs. (5) and (6), according to
equation (2), but with a proper H(z) in the optical depth
equation (1). We calculated the Hubble parameter nu-
merically taking into account contributions from baryons,
dark matter and dark energy. Although, dark energy
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FIG. 1: Hubble parameter as a function of redshift for different values of the interaction. (a) Model proportional to
the energy density of DE, Q = 3Hξ2ρd. (b) Model proportional to the energy density of DM, Q = 3Hξ1ρc.
is sub-dominant in the redshifts of interest, we included
them in our calculation for completeness, since the inter-
action can increase the amount of dark energy in the past.
We fixed our cosmological parameters to the Planck best
fit values [27] and considered the spin temperature to be
9.3 K at z = 20 and 5.4 K at z = 15 according to [1].
Fixing all parameters and only allowing the interac-
tion parameter to vary, we observed that as we increase
the interaction the amplitude of the 21-cm signal in-
creases. Considering the model with interaction propor-
tional to the energy density of dark energy, we obtained
a brightness temperature T21(z) = −0.47 K at z = 20
and T21(z) = −0.56 K at z = 15 for an interaction
ξ2 = 0.275. Larger values for the interaction lead to
negative densities and the Hubble parameter is not well
behaved. Decreasing the interaction to negative values,
we achieve a plateau with T21(z) = −0.11 K at z = 20
and T21(z) = −0.13 K at z = 15. On the other hand, the
model proportional to the energy density of dark matter
has a 21-cm signal which tends to T21(z) → −0.5 K at
z = 20 and T21(z) → −0.6 K at z = 15 with an inter-
action ξ1 → 1 and decreasing the interaction to negative
values the signal tend to zero. However, we observe that
negative values for the interaction leads to a negative en-
ergy density for dark energy in the past for this model.
The above results were obtained fixing the dark en-
ergy equation of state as ω = −1. Without interaction,
the equation of state of dark energy has almost no effect
on the brightness temperature, since the dark energy is
sub-dominant. However, in the interacting case it can be
important. We can see in equation (5) that the energy
density of dark matter is influenced by the equation of
state of dark energy. In fact, in that model, an equation
of state ω = −1.5 can decrease the brightness tempera-
ture from T21(z) = −0.47 K at z = 20 to T21(z) = −0.28
K in the same redshift with ξ2 = 0.275. On the other
direction, increasing the equation of state can produce a
larger 21-cm signal, but we do not have much freedom if
we want to avoid negative densities. Figure 2 shows the
variation in the brightness temperature with respect to
the interaction and the equation of state.
In [1] the 21-cm signal, in the form of the absorption
line against the CMB blackbody spectrum, was obtained
where the spin temperature was lower than the CMB
temperature. Our result shows that a larger positive
coupling between dark sectors can present a clearer dif-
ference in the intensity of the 21-cm signal relative to the
CMB temperature. This result is consistent with previ-
ous study on the reionization era, where the spin tem-
perature was much larger than CMB temperature [28].
It was found, in that paper, that a larger positive inter-
action contributes to a stronger 21-cm power spectrum
before the end of reionization [28]. When the interaction
is proportional to the energy density of dark energy, the
effect shown in the evolution of ionized fraction and the
21-cm spectrum is small and hard to be distinguished
from the ΛCDM model. However, when the interaction
between dark sectors is proportional to the energy density
of dark matter, the reionization will be finished earlier if
we fix the optical depth and we can see the difference
from ΛCDM in 21-cm emission spectrum [28]. In the ab-
sorption spectrum profile at 78 Mhz, we have disclosed
that the interaction can show up no matter if it is pro-
portional to the energy density of dark energy or dark
matter. This strengthens our hopes to better understand
the interactions between dark sectors with future 21-cm
experiments.
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FIG. 2: 21-cm brightness temperature as a function of the interaction parameter and the equation of state at
z = 20. (a) Model proportional to the energy density of DE, Q = 3Hξ2ρd. (b) Model proportional to the energy
density of DM, Q = 3Hξ1ρc.
V. CONCLUSIONS
In this letter we proposed an explanation to the recent
excess in the absorption profile of the 21-cm brightness
temperature. Keeping the standard behavior of baryons
unaltered, we have been able to obtain an amplitude for
the signal consistent with the best fit observation of 0.5
K. This is possible because the interaction alters the Hub-
ble expansion, especially the evolution of matter, which
is dominant in those epochs.
If the Universe is described by the ΛCDM model,
EDGES result cannot be explained, although ΛCDM is
quite good by comparing with other observations. This
tension arises in our interacting model as well. Our in-
teracting model is allowed by all previous observations
(see [22, 23], for instance), however, using the constraints
from CMB and others, we cannot find T21 as small as the
one found in EDGES. If one wants to meet the EDGES’s
data requirement, the interaction should be unreason-
ably big, which has a tension with previous constrains.
On the other hand, the interaction has the effect to re-
duce the 21-cm value, which in turn is better than the
ΛCDM model.
This tension can be used to argue that EDGES may
have underestimated the brightness temperature. If it
is not such small, our model can be a possible candi-
date. Actually, from the Wouthuysen-Field effect (see
Fig.1 in [29] and their Eq. (1)) the T21 should be re-
duced. Whether it should be as small as measured by
EDGES is a question. Finally, if one takes into account
the concerns raised in [30], EDGES result does need fur-
ther examination.
This measurement, if confirmed by future experiments,
can also put constraints in interacting dark energy mod-
els. In particular, as the brightness temperature is not
dependent on the equation of state of dark energy in the
standard scenario, this kind of measurement can break
the degeneracy between the interaction parameter and
the equation of state.
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